
Module 11 
GRAPHICAL PEAK DISCHARGE 
METHOD (TR-55) 

These PowerPoint documents have been made available by DEQ 
Office of Training Services for study purposes only. Exam questions 
will not be derived from the PowerPoints. PowerPoint documents 
will not be allowed into the exam. This presentation was updated 
11.30.2015 

DO NOT BRING TO EXAM
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Urban Hydrology for Small 
Watersheds (TR-55) 

NRCS publication Technical 
Release Number 55 (TR-55): 
Urban Hydrology for Small 
Watersheds, 2nd edition 

(June 1986) 

See Resources Section for 
link to TR-55 manual 

Review! 
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Peak Discharge 

TR-55 presents two methods for 

estimating peak discharge 

Graphical Method 

Provides:  

peak discharge and 
runoff volume 

Tabular Method 

Provides: 

 peak discharge, runoff 
volume, and a  runoff 

hydrograph 

DO NOT BRING TO EXAM
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TR55 Graphical Peak Discharge Method 
Peak Discharge Equation  

  qp = quAmQFp 

qp  =  peak discharge (cfs) 

qu   =  unit peak discharge (cfs/mi2-in; csm/in) 

Am  =  drainage area (mi2) 

Q   =  runoff (in) 

Fp  =  pond and swamp adjustment factor 

• Example calculation given starting on 
p.V-31 of VESCH 
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Rainfall, P (in) 
P 

Runoff, Q (in) 

Initial 

Abstraction  

Ia (in) 
Ia + S 

Potential 

Maximum 

Retention  

S (in) 

Runoff rate, qp (cfs) 

Ia = 0.2S Unit Peak 

Discharge  

qu  

(cfs/mi2/in) 

Tc (hr) 

Runoff Curve 

Number  

CN 
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TR55 Graphical Peak Discharge Method 
Peak Discharge Equation  

  qp = quAmQFp 

qp  =  peak discharge (cfs) 

qu   =  unit peak discharge (cfs/mi2-in; csm/in) 

Am  =  drainage area (mi2) 

Q   =  runoff (in) 

Fp  =  pond and swamp adjustment factor 

DO NOT BRING TO EXAM
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TR55 Graphical Peak Discharge Method 
Peak Discharge Equation  

  qp = quAmQFp 

qp  =  peak discharge (cfs) 

qu   =  unit peak discharge (cfs/mi2-in; csm/in) 

Am  =  drainage area (mi2) 

Q   =  runoff (in) 

Fp  =  pond and swamp adjustment factor 

Example calculation given starting on page 
V-31 of DCR VESCH 

DO NOT BRING TO EXAM

DO NOT BRING TO EXAM



TR55 Graphical Peak Discharge Method 
Peak Discharge Equation  

  qp = quAmQFp 

qp  =  peak discharge (cfs) 

qu   =  unit peak discharge (cfs/mi2-in; csm/in) 

Am  =  drainage area (mi2) 

Q   =  runoff (in) 

Fp  =  pond and swamp adjustment factor 

Look up in table (determine % swamp in DA) 

DO NOT BRING TO EXAM
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TR55 Graphical Peak Discharge Method 
Peak Discharge Equation  

  qp = quAmQFp 

qp  =  peak discharge (cfs) 

qu   =  unit peak discharge (cfs/mi2-in; csm/in) 

Am  =  drainage area (mi2) 

Q   =  runoff (in)  

1. Calculate using Runoff Equation: P, Ia, S 

2. Look up Q using CN (table or graph) 

Calculate from CN 
Or 

Look up Ia and calculate S 

1 

2 

DO NOT BRING TO EXAM
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TR55 Graphical Peak Discharge Method 
Peak Discharge Equation  

  qp = quAmQFp 

qp  =  peak discharge (cfs) 

qu   =  unit peak discharge (cfs/mi2-in; csm/in) 

G
ra

p
h

  

lo
o

k
 u

p
 

Tc          Ia/P 
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Information you will need - 

• Drainage area, mi2 (Am) 

• Rainfall distribution  

    (Type I, IA, II or III) 

• Rainfall amount (P), inches 

• Soil Hydrologic group 

• Weighted runoff curve number 

(CN)  

 

• Swamp Factor (Fp) 

• Time of concentration (Tc), 

in hours ( qu) 

• Total runoff (Q), inches 

• Initial abstraction (Ia) 

• Ratio of Ia/P 

 

 

qp = quAmQFp 

DO NOT BRING TO EXAM
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TR-55 Graphical Peak Discharge Method 

Determine 24-
hour rainfall (P) 

for desired design 
storm 

Calculate 
weighted CN for 

site 

Use CN with table 
to determine 

initial abstraction 
(Ia) 

Compute Ia/P 
ratio 

Determine time of 
concentration (tc) 

Use tc and Ia/P to 
find qu from chart 

Calculate 
expected runoff 

(Q) 

Determine pond 
and swamp 

adjustment factor 
(Fp) 

Combine all 
above factors 
and calculate 

peak discharge 
(qp) 

DO NOT BRING TO EXAM
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• Precipitation 

–     NOAA Atlas 14  

–     Distribution  

PG 7 
Determine 

rainfall 

DO NOT BRING TO EXAM
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PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1 

Duration 
Average recurrence interval (years) 

1 2 5 10 25 50 100 

10-min 
0.616 

(0.553-0.689) 

0.727 

(0.654-0.810) 

0.845 

(0.760-0.941) 

0.951 

(0.853-1.06) 

1.07 

(0.951-1.18) 

1.16 

(1.03-1.29) 

1.24 

(1.10-1.38) 

15-min 
0.770 

(0.691-0.861) 

0.913 

(0.822-1.02) 

1.07 

(0.961-1.19) 

1.20 

(1.08-1.34) 

1.35 

(1.21-1.50) 

1.46 

(1.30-1.63) 

1.57 

(1.39-1.74) 

30-min 
1.06 

(0.948-1.18) 

1.26 

(1.14-1.41) 

1.52 

(1.37-1.69) 

1.74 

(1.56-1.94) 

2.00 

(1.79-2.22) 

2.21 

(1.96-2.45) 

2.40 

(2.12-2.67) 

60-min 
1.32 

(1.18-1.47) 

1.58 

(1.43-1.76) 

1.95 

(1.75-2.17) 

2.27 

(2.04-2.53) 

2.66 

(2.38-2.96) 

2.99 

(2.66-3.32) 

3.31 

(2.93-3.67) 

2-hr 
1.57 

(1.40-1.76) 

1.89 

(1.69-2.11) 

2.34 

(2.10-2.62) 

2.76 

(2.47-3.08) 

3.30 

(2.93-3.67) 

3.76 

(3.32-4.18) 

4.22 

(3.70-4.69) 

3-hr 
1.69 

(1.50-1.90) 

2.03 

(1.81-2.28) 

2.52 

(2.26-2.83) 

2.99 

(2.66-3.35) 

3.58 

(3.17-4.01) 

4.09 

(3.60-4.58) 

4.63 

(4.04-5.16) 

6-hr 
2.03 

(1.81-2.31) 

2.44 

(2.17-2.76) 

3.04 

(2.70-3.43) 

3.61 

(3.19-4.07) 

4.36 

(3.84-4.91) 

5.03 

(4.39-5.64) 

5.72 

(4.96-6.41) 

12-hr 
2.42 

(2.16-2.76) 

2.91 

(2.60-3.30) 

3.64 

(3.24-4.12) 

4.35 

(3.85-4.91) 

5.32 

(4.67-5.98) 

6.19 

(5.39-6.94) 

7.11 

(6.14-7.96) 

24-hr 
2.80 

(2.56-3.09) 

3.40 

(3.11-3.75) 

4.36 

(3.98-4.81) 

5.17 

(4.70-5.70) 

6.35 

(5.74-6.99) 

7.36 

(6.61-8.10) 

8.46 

(7.54-9.30) 

NOAA Atlas 14, Volume 2, Version 3 

Location name: Petersburg, Virginia, US*  

Latitude: 37.1953°, Longitude: -77.3657°  

POINT PRECIPITATION FREQUENCY ESTIMATES Processing... 

 

Determine 
rainfall 
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http://www.noaa.gov/


Precipitation - Distribution 

Determine 
rainfall 

DO NOT BRING TO EXAM
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Precipitation - Distribution 

Determine 
rainfall 

DO NOT BRING TO EXAM
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Precipitation - Distribution 
Determine 

rainfall 

Type II 

Type III 

DO NOT BRING TO EXAM
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• Use WinTR55 software 

qp = quAmQFp 
Determine 

rainfall 

DO NOT BRING TO EXAM
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TR-55 Graphical Peak Discharge Method 

Determine 24-
hour rainfall (P) 

for desired design 
storm 

Calculate 
weighted CN for 

site 

Use CN with table 
to determine 

initial abstraction 
(Ia) 

Compute Ia/P 
ratio 

Determine time of 
concentration (tc) 

Use tc and Ia/P to 
find qu from chart 

Calculate 
expected runoff 

(Q) 

Determine pond 
and swamp 

adjustment factor 
(Fp) 

Combine all 
above factors 
and calculate 

peak discharge 
(qp) 

DO NOT BRING TO EXAM
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CN indicates  

runoff potential of an area  

weighted 
CN qp = quAmQFp 

DO NOT BRING TO EXAM
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Watershed Delineation: 

• Choose watershed outlet 
point  

• Delineate watershed 
boundary (perpendicular 
lines across contour lines 
draining to point of interest   

 

Note - A watershed boundary 
always runs perpendicular to 
contour lines 

DO NOT BRING TO EXAM
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• Need Hydrologic Soil Group (HSG) for each 

of the soils at site and area of each soil type 

• Soils information from: 

– Site drawings or E&S plan 

– NRCS Web Soil Survey 

(http://websoilsurvey.nrcs.usda.gov/app/)  

– VESCH Appendix 6C 

– 1991 SWMHB Appendix 4A  

qp = quAmQFp 
weighted 

CN 

DO NOT BRING TO EXAM
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http://websoilsurvey.nrcs.usda.gov/app/


• CN determination: 

– Soils 

– Hydrologic conditions  

o (good, fair, poor) 

– Cover type 

– Treatment (sometimes) 

 

 

weighted 
CN 

DO NOT BRING TO EXAM
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• CN determination: 

– 4 Curve Number Tables 

o Urban 

 Cover type- vegetation, bare soil, and     
impervious surfaces. 

o cultivated agricultural lands 

o other agricultural lands 

o arid and semiarid rangelands 

 

weighted 
CN 

DO NOT BRING TO EXAM
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• Treatment - cover type modifier for 
agricultural (contouring, terracing) 

– For ag and arid/semiarid  

 

 

 

weighted 
CN 
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Group A: 

Low runoff 
potential 

Group B: 
Moderately 
low runoff 
potential 

Group C: 
Moderately 
high runoff 
potential 

Group D: 
High runoff 
potential 

Hydrologic Soil Groups 

weighted 
CN 

DO NOT BRING TO EXAM
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Table 11-2 Runoff CNs for Urban Areas weighted 
CN 

DO NOT BRING TO EXAM
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Table 11-4 Runoff Curve Numbers for  

Other Agricultural Lands 
weighted 

CN 

DO NOT BRING TO EXAM
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VESCH, Table 5-5, 

p. V-56 to -59  

and 

TR-55 Manual 

qp = quAmQFp 
weighted 

CN 

DO NOT BRING TO EXAM
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• Calculate weighted average CN for site 

• Example worksheet in VESCH, p. V-46  

qp = quAmQFp 
weighted 

CN 

DO NOT BRING TO EXAM
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Exercise: 

Determine a composite curve number given the 
following data: 

24 acres -  open space, soil c 

16 acres - 1/2 acre lots, 25% impervious, good 
condition, soil b 

18 acres  - woods   Soil D 

Solution : (24*74) +(16*70)+(18*77) =  

1776+1120+1386=4282/58= 73.8 Round to 74 

weighted 
CN 

DO NOT BRING TO EXAM
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Additional factors that can further adjust  curve 

numbers  

• Antecedent runoff condition 

‒ Index of runoff potential before a storm event 

• Urban impervious area modifications 

o Connected impervious areas 

o Unconnected impervious  

weighted 
CN 

DO NOT BRING TO EXAM
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TR-55 Graphical Peak Discharge Method 

Determine 24-
hour rainfall (P) 

for desired design 
storm 

Calculate 
weighted CN for 

site 

Use CN with table 
to determine 

initial abstraction 
(Ia) 

Calculate 
expected runoff 

(Q) 

Determine time of 
concentration (tc) 

Compute Ia/P 
ratio 

Use tc and Ia/P to 
find qu from chart 

Determine pond 
and swamp 

adjustment factor 
(Fp) 

Combine all 
above factors 
and calculate 

peak discharge 
(qp) 

DO NOT BRING TO EXAM
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• Look up Ia values in 

VESCH Table 5-9, p. V-

64 or TR-55 manual 

qp = quAmQFp 

initial 
abstraction 

(Ia) 

DO NOT BRING TO EXAM
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• Solve for Q (runoff depth): 

– SCS Runoff equation  

– Tabular method, VESCH Table 5-6, p. V-60 

and TR-55 Manual 

– Graphical method, TR-55 Manual 

qp = quAmQFp 

Runoff 
Volume 

(Q) 

initial 
abstraction 

(Ia) 

DO NOT BRING TO EXAM
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  SIP

IP
Q

a

a






2

 
 
 CN = Curve number 
Ia =  Initial abstraction (in) 
= 0.2 x S 
= (all losses before runoff begins) 

10
1000











CN
S

qp = quAmQFp 

Q = Runoff (in) 
P = Rainfall (in) 
S = Potential maximum retention after runoff begins (in) 

Runoff 
Volume 

(Q) 

initial 
abstraction 

(Ia) 

Runoff Equation 

DO NOT BRING TO EXAM
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Find Q  
VESCH 
Table 5-6,  
p. V-60 

qp = quAmQFp 

DO NOT BRING TO EXAM
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Runoff Equation Example 11-1 

Given a watershed with a CN of 80, what 

would be the direct runoff (Q) from a 

rainfall (P) of 4.0 inches? 

 

DO NOT BRING TO EXAM
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Step 1:  

P = 4.0 

Step 2:  

CN = 80 

Step 3:  

Q = 2.04 

Runoff Equation Example 11-1 Runoff 
Volume 

(Q) 

initial 
abstraction 

(Ia) 

DO NOT BRING TO EXAM
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Step 3: 

Q = 2.0 

Step 1: P = 4.0 

Step 2: 

CN = 80 

Runoff 
Volume 

(Q) 

initial 
abstraction 

(Ia) 

Runoff Equation Example 11-1 

DO NOT BRING TO EXAM
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Runoff Equation Example 11-1 

P = rainfall (in) 

CN = runoff curve number 

S = potential maximum 
retention after runoff 
begins (in) 

5.210
80

1000
10

1000




















CN
S

 
 

 
 

04.2
5.25.00.4

5.00.4

1

1

2

2












SP

P
Q

a

a

Ia = initial abstraction (in)  
 = 0.2 x S  
 = 0.2 x 2.5  
 = 0.5 

Runoff 
Volume 

(Q) 
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Runoff Exercise: 
 
 

Given a watershed with a CN of 85, what 

would be the direct runoff (Q) from a rainfall 

(P) of 2.5 inches? 

 

P = rainfall (in) 

CN = runoff curve number 

DO NOT BRING TO EXAM
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Step 1:  

P = 2.5 

Step 2:  

CN = 85 

Step 3:  

Q = 1.18 

Runoff Equation Example 11-2 

DO NOT BRING TO EXAM

DO NOT BRING TO EXAM



Runoff Equation Example 11-2 

Step 3: 

Q = 1.2 

Step 1: P = 2.5 

Step 2: 

CN = 85 

DO NOT BRING TO EXAM
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Runoff Equation Example 11-2 

P  = rainfall (in) 
CN = runoff curve number 

S = potential maximum retention after runoff begins (in) 

 
 
 

Ia= initial abstraction (in) = 0.2 x S = 0.2 x 1.8 = 0.36 
 
 
 

8.110
85

1000
10

1000




















CN
S

 
 

 
 

16.1
8.136.05.2

36.05.2

1

1 22












SP

P
Q

a

a
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TR-55 Graphical Peak Discharge Method 

Determine 24-
hour rainfall (P) 

for desired design 
storm 

Calculate 
weighted CN for 

site 

Use CN with table 
to determine 

initial abstraction 
(Ia) 

Calculate 
expected runoff 

(Q) 

Determine time of 
concentration (tc) 

Compute Ia/P 
ratio 

Use tc and Ia/P to 
find qu from chart 

Determine pond 
and swamp 

adjustment factor 
(Fp) 

Combine all 
above factors 
and calculate 

peak discharge 
(qp) 

DO NOT BRING TO EXAM
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Hydraulically 

most distant 

point 

Drainage area boundary 

Outlet 

Overland flow 
LO ≤ 100 ft 

Shallow 

concentrated flow 
LSC ≤ 1000 ft 

Channel flow 
LC 

Tc 

DO NOT BRING TO EXAM
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Example worksheet on 

p. V-42 of VESCH 

qp = quAmQFp Tc 

DO NOT BRING TO EXAM
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TR-55 Graphical Peak Discharge Method 

Determine 24-
hour rainfall (P) 

for desired design 
storm 

Calculate 
weighted CN for 

site 

Use CN with table 
to determine 

initial abstraction 
(Ia) 

Calculate 
expected runoff 

(Q) 

Determine time of 
concentration (tc) 

Compute Ia/P 
ratio 

Use tc and Ia/P to 
find qu from chart 

Determine pond 
and swamp 

adjustment factor 
(Fp) 

Combine all 
above factors 
and calculate 

peak discharge 
(qp) 

DO NOT BRING TO EXAM
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1. Use Ia and P to 
calculate Ia/P ratio  

2. Use ratio and Tc value 
to find qu from chart 

Find qu on chart Ia/P Find qu 

(VESCH, Plate 5-25, p. V-55) 

(TR55, Exhibit 4-II, p. 4-6 ) 

DO NOT BRING TO EXAM
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TR-55 Graphical Peak Discharge Method 

Determine 24-
hour rainfall (P) 

for desired design 
storm 

Calculate 
weighted CN for 

site 

Use CN with table 
to determine 

initial abstraction 
(Ia) 

Calculate 
expected runoff 

(Q) 

Determine time of 
concentration (tc) 

Compute Ia/P 
ratio 

Use tc and Ia/P to 
find qu from chart 

Determine pond 
and swamp 

adjustment factor 
(Fp) 

Combine all 
above factors 
and calculate 

peak discharge 
(qp) 

DO NOT BRING TO EXAM
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• Factor needed if ponds 

and/or swamps scattered 

throughout watershed, but 

not on path used to 

determine Tc 

• Determine percentage of 

drainage area represented by 

swamps and/or ponds 

qp = quAmQFp 

VESCH Table 5-10, p. V-65 

Pond/swamp 
factor (Fp) 

DO NOT BRING TO EXAM
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TR-55 Graphical Peak Discharge Method 

Determine 24-
hour rainfall (P) 

for desired design 
storm 

Calculate 
weighted CN for 

site 

Use CN with table 
to determine 

initial abstraction 
(Ia) 

Calculate 
expected runoff 

(Q) 

Determine time of 
concentration (tc) 

Compute Ia/P 
ratio 

Use tc and Ia/P to 
find qu from chart 

Determine pond 
and swamp 

adjustment factor 
(Fp) 

Combine all 
above factors 
and calculate 

peak discharge 
(qp) 

DO NOT BRING TO EXAM
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peak 
discharge 

(qp) 

• qp (cfs) 

• qu (csm/in) from previous step 

• Q (in) from previous step 

• Am (m2) from site plan 

• Fp from previous step 

Calculate peak discharge 

qp = quAmQFp 

DO NOT BRING TO EXAM
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Typical worksheet 

Worksheets/instructions:TR55 manual: 

http://www.wsi.nrcs.usda.gov/products/w

2q/H&H/Tools_Models/other/TR55.html.  

(also page VESCH p. V-48) 

 

TR55 Windows program: 

http://www.wsi.nrcs.usda.gov/products/

W2Q/H&H/Tools_Models/WinTR55.html.  

 

qp = quAmQFp 

DO NOT BRING TO EXAM
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http://www.wsi.nrcs.usda.gov/products/w2q/H&H/Tools_Models/other/TR55.html
http://www.wsi.nrcs.usda.gov/products/w2q/H&H/Tools_Models/other/TR55.html
http://www.wsi.nrcs.usda.gov/products/w2q/H&H/Tools_Models/other/TR55.html
http://www.wsi.nrcs.usda.gov/products/W2Q/H&H/Tools_Models/WinTR55.html
http://www.wsi.nrcs.usda.gov/products/W2Q/H&H/Tools_Models/WinTR55.html
http://www.wsi.nrcs.usda.gov/products/W2Q/H&H/Tools_Models/WinTR55.html


Peak Discharge 

TR-55: two methods for peak 
discharge: 

•Graphical Method 

• Provides peak discharge + runoff volume 

• Tabular Method (VESCH p. V-66 to V-83) 

• Provides peak discharge, runoff volume, and 

a  runoff hydrograph 

DO NOT BRING TO EXAM
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Limitations 

• Peak discharge method – no hydrograph generated, 

cannot be used for routing (basin design) 

• Only one main stream in watershed (can be applied to 

multiple stream branches with nearly equal Tc) 

• Watershed must be hydrologically homogeneous 

(uniform distribution of land use, soils, and cover) – 

represented by one CN 

DO NOT BRING TO EXAM
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Questions? 

DO NOT BRING TO EXAM

DO NOT BRING TO EXAM


